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Description 

This invoition relates to a method according to the 
prezuTible of daim 1 and to a method for manufacturing 
a large tiaslcally spheriod vessel from plane alumlrUum 
plates. In particulw. but not exclusively, the invention is 
intended for welding together aluminium plates lor man- 
ufacturing a spherical LMQ-tank. 

The manufacture of vessel-twm tanks for liquified 
natured gas (LNG) includes welding together large and 
thick aluminium plates which are shaped to form the 
spherical LNQ-tank. Similar tanks may be used in 
places other than on vessels for storing LNG or other 
sui>stances. Because a large proportion of the manu- 
facturing costs are the welding costs, it is cost advanta- 
geous for the plate blanks welded together to be as 
large as possible. However jdning together such large 
plate blanks and so formed wekled plate assemblies by 
further welding is demanding worit, since all the weld 
joints must be of high quality. Furihemiore the plates 
and the plate assemblies must be made to a high toler- 
ance with regard to their shape and dimension to 
achiera a proper final result. 

EP-A-0570212 relates to the manufacture of large 
spherical LNG-tanks of welded together aluminium 
plates and discloses weldng together set/eral flat or 
plane plates, subsequently forming the wekled plate 
assembly in a moukJ into a part-spherical shape and 
using the formed plate assembly in the following stage 
of manufactura However, during forming of the plate 
assembly in the mqukl, tie plate assembly stretches 
somewhat This makes it difficult subsequently to use 
modem, hi^i power, Ml&weUing equipment for wefo- 
ing in one pass per sMe because there are shape 
defects in the weUing groove and at its root 

It is also known to manufacture spherical tanks of 
plates whk;h are weUed together by a so-called tractor 
type wekf ng carriage to form larger plate assemlslies. 
However, difficulties and waste of time occur, especially 
at the ^art and finish of the weUing process, when 
using this kind of equipment Known manufactLffing 
methods for welding preformed plates together with 
tractor type welding equipment also require double the 
number of assembly stafions. Since removal of the wekl 
reinforcement before fbmiing is necessary because of 
the inspections included in many methods and twcause 
of the forming itself, special attention has to be given to 
the automatfon of the woric and to the dimensional pre- 
cision of the final work 

A downhand weMing technique for welding together 
curved plates of a rotationally symmetric concrete mix- 
ing drun is disclosed in US-A-4832322. 

An object of the invention is to achieve a high level 
of automation in the manufacture of welded structures, 
for example curved structures such as large spherical 
LNQ-tanks, and to improve the quality of both the welds 
and the manufactured structure, &g. a spherical tank. 

According to one aspect of the invention, this object 



is achieved by a method as claimed in the ensuing dam 
1. 

A large spherical LNQ-tank or the like has a diame- 
ter of at lea^ 20 metres, may be even more ttian 40 

5 metres. K can be manufachired according to the inven- 
tnn from aluminium plates typically having a thickness 
of from 20 mm to 70 mm. The plates to be welded 
together are conveniently held in a fixed position during 
welding by jigs and suction fastening devfoes. 

10 The plate means are suitably formed by welding 
plane plates together t^ using manipulating means 
mounted on an adjustatile overhead frame which can be 
focked in an adjusted position. The manipiiating means 
conveniently ojmprises. in additicn to weking equip- 

15 ment a device for scraping or boishing the wekl groove 
prior to wekling for removing impurities and any oxide 
layer on the alumirtiunL Removal of the oxide layer 
reduces the risks of subsequent wekfing defects. The 
groove brushing devtee moves along the weki groove in 

so tront of the wekfing device, moet suitably at a distance 
of about half a metre from the welding devica The 
manipulating means may also be provided with cutting 
means, e.g. a milling cutter, 1m removing the weM rein- 
forcement so that the welded joint is made substantially 

25 flush wHh the weMed together plates. The cutter nnves 
along the weld groove behind the weMing device and 
removes ttie wekl reinforcement invnediately after the 
formation of the wefo. Because the cutter is a part of the 
manipulating means, the repeatability of the cutting is 

30 excellwit, accurate and fast. 

Suitably the welded togetiier plates forming the 
plate means are plasma cut to a size and shape suitable 
for the structure, e.g. a spherical LNG-tanK being man- 
ufactured. However a working alfowance is made 

35 because the edges of the plate means for the sut>se- 
quent welding stage are made by a form milling cutter. 
Accurate forming of tiie groove and the production of 
smooth groove surfaces are important tor achieving 
compatible plate edge surfaces to be joined whk^h are 

40 required for producing a good finished wekl. 

Two plate means bent to a curved or spherical 
shape are suitably joined together with a flat butt weM 
using a manipulator device and the tilting support stmc- 
ture. The cun/ed structure. e.g. a spherical LNQ-lanK to 

45 be manufactured may be assented from large sec- 
tions at the final assembly site. 

The metallfo, preferably aluminium, plates are con- 
veniently weUed together with the use of a manipulator 
device with only one pass per side irrespective of mate- 
so rial ttnckness. For this purpose, a high power wefoing 
device may be used. Fastening and tuming equipment 
is provided for tuming the plate means upside dowm to 
enable both sides of a joint to be wekled using a down- 
hand weMing technque. To speed up the wmK it is of 

55 advantage to use a production line having tiie tuming 
equipment located between two manipulator devices. 

In order to wekl plane plates to form larger plate 
means or assemblies, a suction fastening device hoM- 
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ing tfie plane plates b tiKed so that the groove at the 
welding point is inclined ipwards in the welding direc- 
tion by from 4" to 7». preferably alxxitSMt is ttten pos- 
sible to use a high power welding device and to 
conplete the weU joint on one skle in one pass, s 
because full control of the melt is easSy achieved when 
the weld groove is slightly upwardly inclined. 

The plate meems or assemtiiies bextt to a cun^ed or 
part-spherical shape for subsequent weldng together 
are supported on the tiitable support structure by means io 
of wNch the Inclination of the plate assemblies at the 
welding point is set to a value of from 4° to 7°. preferably 
about 5°. upwards in the welding direction. Since the 
welding groove is curved in a vertical plane, this is 
achieved by contlnuxsly adji^ng the angle of tilt of is 
the tiitable table during welding. This mates H possible 
to use high power welding equipment and to complete 
the weld joint on one side in one pass for the reasons 
mentioned above. 

K is of advantage to sifjport at least two plate so 
means of part-spherical shape by a support device sub- 
stantially in the shape of a circular ring. In this case 
either the convex side or the concave side of the part- 
spherical sfiape may face upwards during the welding. 
The circular ring should be dimensioned so that its 2S 
diameter is as large as possible for achieving a good 
support of the plate means, but sufficiently small that 
the plate means totally cover it. It is also posslole to use 
a known suction fastening device with suction heads 
which face the plate means and which are easily adjust- so 
able The vertical position of the suction heads can thus 
be adjusted to support from below either the convex or 
the concave surtace of the plate means. 

The height of the support structure in the central 
region of the support assembly is adjustable depending 35 
on whether the plate means to t>e welded are positioned 
with their concave or convex sides upwards. According 
to a preferred embodmerrt. the support structure in the 
central region of the circular ring comprises a small cir- 
cular ring with a diameter of . for example, approxi- 40 
mately 1250 mm. the height of which is ad^JSlable so 
that it sivports either the convex or the concave side of 
the plate means. Another method of stpport is to pro- 
vide, in the central area of the circular ring, an upwardly 
convex general support preferably having a part-spheri- 4S 
cal shape. The support is adjusted to a suitable height 
for supporting the plate means to be welded. For weld- 
ing upwardly concave plate means, an upwardly con- 
cave intermediate structure may be arranged, in the 
central support area, to support with its top the central so 
area of the plate means. 

The weldaUe edges of the metallic, preferably alu- 
minium, plate and/br plate means are prepared by a 
form milling cutter that simultaneously cuts to shape 
both the root portion and the ^es of the groova Con- ss 
venienHy. a cylindrical disc cutter having a relatively 
large diameter can be used. It is important that the disc 
cutter moves along such a line and at such an angle to 



the plate^ate means that a weld root surface is pro- 
duced which allows easy positioning of one plate/jplate 
means against another witti substantially no slot or gap 
between adjacent root surfaces. If in-egularities occur, a 
slotorgapof al»ut 1 mm betweoi the root surface may 
beaocepiabla 

Further aspects of the invention are disclosed 
the m^ods disclosed in claims 18 and 19. 

An embodiment of the invention will be described 
by way of example only, with partkxjlar reference to the 
accompanying drawings, in which: 

Figure 1 schematically illustrates manufecturing 
equipment for joining together sutistantially planar 
plates to fomi plate means or asserrfalies: 

Rgure 2 schematically illustrates manufacturing 
equ'qxnent for joining together curved or part- 
spherical plate assemblies: 

Rgure 3 schematically illustrates fastening and 
support equipment for welding together part-spher- 
ical plate means or assemblies: and 

Rgure 4 schematically illustrates accessories of a 
manipulator device. 

In Figure 1 there is shown a production line for join- 
ing together substantially flat or plane plates to form 
plate means or assemblies, the production line includ- 
ing first and second downhand welding and manipulat- 
ing devices at stations 1 and 3 and a plate assembly 
tumover device at station 2. At station 1 . plane plates 4 
and 5. already cut to a desired, slightly tapered shape, 
are joined together by welding to form a plate assembly 
The edges 6 and 7 of the plates 5 and 4. respectively, 
which are to be welded together have been machined 
by a cylindrical cutter to form a weld groove wiM root 
surfaces. A welding device 9 is mounted on cm over- 
head cross beam 8 of a portal frame for movement 
transversely of the direction of the production line. The 
cross beam 8 is inclined at an angle of from 4° to 7°, typ- 
ically 5°. This inclination is adjustable and the cross 
beam can be locked in its inclined position so that the 
weld groove is upwardly inclined in the direction of weld- 
ing. 

A suction fastening device (not shown in detail) 
arranged t>eneath the aoss beam 8 for holding the 
plates 4 and 5 firmly in place during welding. The suc- 
tion fastening device is also inclined or tilted so that the 
weld groove between the edges to be welded together 
is parallel to the cross beam 8 of the portal frame during 
welding. Other parts of the weMing equipment are 
Omtm in more detail in Rgure 4 described hereinafter. 

In order to wekJ both sides of the plate assembly, 
the latter, after being downhand welded at station 1 , is 
turned Lfjskle down in station 2 and is passed to station 
3. The second welding and manipulating device at sta- 
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tion 3 indudes a cross beam 8a of a portal frame 8 and 
a downhand welding device 9a each of the same kind 
as at station 1 . Instead of welding the second side of the 
plane plates 4 and 5 at staticn 3, it is also possiile to 
exclude station 3 and to weld bom sides of the (date 5 
assembly 4. 5 at station 1. e.g. by returning the plate 
assendoly to station 1 after turning the plate assembly 
upside down in station 2. 

Figure 2 shows three embodiments 12a. 12b and 
12c of a t'ltable welding table including plate assembly 10 
support and fastening equipment (shown in more detal 
in Figure 3) The table 1 2a is used to weld together a first 
plate assembly, consisting of the two welded together 
plates 4 and 5. which has conveniently been cut to 
shape and then bent into a part-spherical shape and a is 
similar second plate assembly consisting of welded 
together plates 14 and 15 and also having convenierttly 
t>een cut to shape and then bent into a part-spherical 
shape. The edges of the plate assemblies to be joined 
together may be cut to shape. e.g. bevelled with a mfll- so 
ing cutter. To enatjie w^ng of these edges, a welding 
device 17 is carried by a man^lator device 16 which 
allows movement of the welding device 1 7 in mutually 
exclusive directions perperxJiculvto each other. In par- 
ticular, the manipulator device 16 comprises a horizon- 2s 
tal beam 20 along wfich the welding device can move 
horizontally, a pillar 19 carrying the beam 20 for vertical 
movement of the latter and horizontal guides 18a and 
18b for horizontal movement of the pillar 19. The plate 
assembly formed of the plates 4. 5, 14 and 1 5 is placed 30 
on the table 12a which is tiltable at least ± 20". prefera- 
bly at least ± 30°. from its horizontal position. 

The plate assembly 4, 5. 14 and 15 is releasalsly 
fixed on the takile 12a by means of suction fastening 
equipment The curved weld groove formed by plate 35 
assembly edges 21 and 22 is ananged to lie in a vertical 
plane parallel to the guides 18a and 18b. During weld- 
ing the tilt or inclination of the tat)le 12a is continuously 
adjusted about an axis perpendicular to this vertical 
plane so that welding always takes part in a portion of 40 
the curaed weU groove inclined, for example, at an 
angle of from 4° to 7°, typically atnut 5°. upwards. In 
particular the orientation of the taUe 12a is adjusted 
during wekling so that the tangent to the curved or arcu- 
ate weld groove at the welding location is inclined to the 45 
horixorHal at an angle of from 4° to 7". The pillar 19 
moves along the guides 18a and 18b as welding 
progresses along the wekJ groove. Should there be a 
discr^jancy in the parailelity between the guides 18a 
and 18b and the weld groove, correction s made by so 
moving the welding device 1 7 on the beam 20. The dis- 
tance of the welding device 1 7 from the welding groove 
is adjusted by moving the beam 20 vertically up and 
down the pillar 19. 

The manipulator device 16 is preferably equipped ss 
with a device for removing wekl smcto, with ^oove 
cleaning devices for cleaning the weld groove upstream 
of the welding device and with a milling device for 



removing the weld reinforcement so that the weld joint 
can be made flush with the surfaces of the joined 
together plate assemblies. It is also possbie to provide 
quality monitoring devices for monitoring tfte quality of 
the weld joint 

The tiftaUe table 12b differs from the table 12a in 
that it has two cross-wise arranged tilting axes allowing 
tilting about perpendicular horizontal axes as indicated 
by arrows 1 1 and 13. The tat>le 12b is intended in par- 
ticular for supporting plate assemblies fomvng upper 
arvJ lower 'calottes* of a spherical tank having plate por- 
tions 23, 24, 25 and 26. The welding device 17b of the 
tatie 12b has the same degrees of movement as the 
device 1 7. However, the two tilting axes of the table 12b 
make it possible for all welds to be carried out wittwut 
having to release the fixation of ttie worl^ece. 

The tatjie 12c is an alternative to ttie table 12a, ttie 
pieces to be welded on tatile 12c t>eing imended to be 
welded by the welding device 1 7. Support and fastening 
means for hokling the concave or convex side of a part- 
spherical workpiece are indicated by numerals 29. 30. 
30b and 31b (see Figures 2 and 3). The main support 
menrber comprises a drcular ring 29. the diameter of 
which may typically be about 10 m when manufacturing 
portions of a spherical tank having a diameter of atx>ut 
40 m. At the centre of the support ring 29. there is a sup- 
port 30. including a support men«>er 30b wtiich is used 
during welding the convex side of a plate assemt>ly (see 
full lines in Figure 3). A corresponding lower support 
30a is used when the concave side (see chain lines in 
Figure 3) of the plate assembly is to be welded. Verti- 
cally adjustat)le suction fastening devices 31a. 31b are 
used for pulling the plate assembly towards, arxl hokling 
it against, the support ring 29. As an alternative to ttie 
central support staiicture 30a. 30b. another annuls- sup- 
port, of smaller diameter than tiie ring 29. may be used. 
Such a support should also be vertically adjustable to 
conform to ttie concatrity or convexity of ttie plates to be 
supported. 

Rgure 4 shows accessories of a welding device 9. 
for instance a high power MIG-welding device, using 
weld ng wire provided from a roll 32 for depositing weld 
metal into ttte welding groove at a welding location. In 
particular, there is provided a cleaning device in ttie 
form of a rotating brush 33 for cleaning the groove of 
impurities and harmful particles. Matter removed by ttie 
brush 33 is sucked into a pipe 34, in which an air flow is 
mainteined for removing such matter. A groove sensor 
device 35 is arranged between ttie brush 33 and ttie 
welding device. A cutter 36 is provided for removing the 
weld reinforcement formed during welding and extend- 
ing atxjve the surfeces of ttie plates welded together, 
ttie cutting chips being sucked away ttirough a pipe 37. 
A similar suction pipe 38 removes weld smoke pro- 
duced at the welding pdnt 39. 

The plate tliickness of a spherical tank manufac- 
tajred tiy the mettiod described is, as a rule, between 
from 20 to 70 mm, tNnner plates being used in ttie 
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upper regions of the tank. The weld groove suitably 
indudes double, symmetrically positioned V-groowes 
with root tales. The root area typcally takes up from 
40% to 50% of the f^Xe thickness. The groove angle 
varies from approximately 90° for thinner plates to s 
approximately 70° for thicker plates. 

The invention is not restricted to the embodinienls 
shown, but several modifications thereof are feasible 
within the scope of the ensuing daims. 

10 

Claims 

1. A method of manufacturing a structure of welded 
together metallic. e.g. aluminium, plates (4.5). conv 
prising supporting two curved metallic plate means is 
on a Citable support structure (12a) with two plate 
edges (21.22) of the plate means adjacent each 
other, defining a cuwed welcfing groove with a 
changing indinalion along its length and joining the 
two plate edges together by welding involving mow- 20 
ing a welding device (17) along said welding 
groove, characterized in that said welding together 
of the two plate edges is carried out by downhand 
welding that involves tilting the support structure 
(12a) to provide a subslantelly constant inclination ss 
of the curved welding groove at the position of the 
welding device (1 7) as the latter is moved along the 
welding groove. 

2. A method according to claim 1. characterised in 
that each plate means is formed by welding 
together substantially flat metallic plates (4.5) by 
downhand welding using welding means (9,9a) 
moving along a weld groove and in that the plate 
means are subsequently t>ent into a curved form 
before being joined together. 

3. A method according to claim 2. characterised in 
that each of the plate means (4,5:14.15) is cut to a 
desired sh{«>e before being bent into Hs cunred 
(orm. 

4. A method according to daim 2 or 3. charactmised 
in that said downhand welding together off said 
plates is performed by said welding means (9.9a) 
being movably mounted on an overhead transverse 
frame (8) having an adjustable indination. 

5. A method according to any of claims 2 to 4. charac- 
terised in that prior to welding the plates together to 
ftx-m each plate means, said weld groove between 
the plates is deaned by brushing. 

6. A method according to claim 5, diaracterised in 
that said bmshing is provided by a brusWng device 
(33) v»hich moves along the wekJ groove in front of 
said welding means (9). preferably at a distance of 
atx>ut has a metre from the welding means. 



'. A method according to any of daims 2 to 6, charac- 
tersed in that after welding the plates together to 
fbmi said plate means the welds so created are 
mifled to remove weld reinforconents. 

I. A method according to ctem 7. characterised in 
that the milling is provided by a nUlGng cutter (36) 
moving in the direction of the weld behind the weld- 
ing means (9). 

>. A method according to any of daims 2 to 8. charac- 
terised in that each plate meems (4.5) is formed by 
welding said plates together in one pass on one 
side, turning the plate means over and welcfing the 
plates in one pass on the other side. 

la A method according to any of dams 2 to 9. charac- 
terised in that in the formation of each plate means 
a suctton fastening device holds the plates and is 
tilted so that the weU groove at the welding point is 
orientated upwards relative to horizontal plane at 
an angle of from 4° to 7». preferably about 5". in the 
welding direction. 

I I , A method according to any of the preceding daims. 
characterised in that said plate edges (21.22) are 
cut. e.g. machined, prior to being joined together to 
enable formation of an accurate welding groove 

30 12. A method according to any of the preceding daims. 
characterised in that said tiltaUe support structure 
(12a) indudes a tiltable table carrying the plate 
means to be welded together and which is tilted 
during welding so as to orientate the welding 
35 g-oove between the plate edges being welded 
together at the welding point to an upwards inclina- 
tion of from 4° to 7°. preferably about 5». in the 
direction of wekling. 

40 13. A method according to daim 12. characterised in 
that the plate means are supported on the tiltable 
table by an annular meniier (29) allowing support 
of either a convex side or a concave side of the 
plate means. 

45 

14. A meUiod according to daim 13, characterised in 
that an additional sipport sfructure (30a.30b) is 
provided centrally of the annular support member 
(29) and indudes means for adjusting its height 

so position. 

15. A method according to any of the preceding daims. 
characterised in that, prior to joining the plate 
means together, the edges (21.22) of the plate 

55 means to be welded are finished to aeate said 
plate edges by removing the machining allowance 
by a form milling cutler, which simultaneously forms 
edges for providing both ttie root surface of the weld 



and the sides of the welding groove. 



16. A metfiod according to any of dams 1 to 14, char- 
hal the said plate edges (21.22) are 



17. A method accoiding to any one of the preceding 
claims, characterised in that said structure com- 
prises a large, spherical LNG-tank. 

10 

18. A method formanufacturing a large basically spher- 
ical vessel from plane aluminum plates having a 
thidoiess in the range of from aix)ut 20 mm to 
about 70 mm, comprising: 

»5 

(a) fornrvng at least first and second plane plate 
assemblies by downhand welding together 
plane plates (4,5; 14.15} by a welding device 
(9) movaUy mounted on an overhead frame (8) 
having an adjustable indination; so 

(b) cutb'ng each welded plane plate assembly 
to a peripheral shape thatfits into the structural 
pattern of the vessd except lor an allowance 
for machining in step (d); 

(c) bending each plate assembly to a part- 25 
spherical configuration; 

(d) machining respective edges (21 ,22) of ttie 
first and second bent plate assemblies to a pro- 
file suitable for welding in step (Q: 

(e) positioning on a tillable support (12a) the so 
first and second bent plate assemblies to meet 

at their machined edges (21 ,22) along a curved 
welding groove; and 

(f) dowrtiiand welding the first and second bent 
plate assemblies together along said welding ss 
groove while adjusting the orientation of the 
bent plate assentslies by adjusting the tilt of the 
tiltable support (12a) to provide a substantially 
constant indination of the curved welding 
groove at the location of welding as the welding 4o 
progresses along the welding groove. 

19. A method for manufacturing a large spherically 
curaed structure from plane aluminum plates hav- 
ing a thickness in the range of from about 20 mm to 45 
about 70 mm, comprising: 
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(14.15) to meet in edge-to-edge relation- 
ship along a Rne that is incBned to the hor- 
izontal and downhand welding together 
said further plane plates in an upward 
direction along the line at which they meet: 

(b) cutting each plane plate ass^rUy to a 
peripheral shape ttiat fits into the structural pat- 
tern of the spherically curved structure except 
for an allowance for machining in step (d); 

(c) bencfing each plane plate assembly to a 
part-spherical configuration; 

(d) machining respective edges (21,22) of the 
first and sesami bent plate assemblies to a pro- 
file suitable for weldng in step (f); 

(e) positioning the first and second bent plate 
ass«Tt)Ues to meet at their machined edges 
(21.22) along an arcuate Hne that extends 
iqgward from a first end of the line in a direction 
toward a second &id of the arcuate fine; and 

(f) downhand welding the first and second bent 
plate assemblies together in said direction 
along the arcuate line from the first end of the 
arcuate line to the second end tiiereof, 
whereby the location of welding advances 
along the arcuate line, while adjusting the ori- 
entation of the bent plate assemblies such that 
as the location d welding changes, the tangent 
to the arcuate line at the location of welding 
remains indined to the horizontal. 



(a) 



(i) forming a first plane plate assen*ly by so 
positioning two plane plates (4,5) to meet 

in edge-to-edge relationship along a line 
that is indined to ttie horizontal and down- 
hand welding together the plane plates 
(4,5) in an upward direction along the line ss 
at wttich they meet; 

(ii) forming a second plane plate assembly 
by positioning two furtfter plane plates 



Verfahren zur Herstellung einer Kbnstruktion aus 
miteinanderverschweiBten Metalblech«i. z.B. Alu- 
miniumblechen, (4, 5). bei dem man zwei 
geKrOmmte Metalldechmittel auf einer kippbaren 
StQtzstruktur (12a) mit zwei Blechrandem (21. 22) 
der BlechmMel nebeneinander abstotzt. eine 
gekrOnvnte SchweiBfuge mit sich uber ihre Lar^e 
andemder Neigung definiert und die beiden Blech- 
rander durch SchweiB«i zusanvnenfOgt. wobei 
man ^ne SchweiBvomchtung (17) entlang der 
SchweiBfuge bewegt. dadurch gekennzeichnet. 
daB das MiteinanderverschweiBen der beiden 
Blechrander durch NormallagenschweiBen ausge- 
fuhrt wind, bei dem man die StQtzstruktur (12a) so 
kippt, daB eine im wesoitlichen fcraistante Neigung 
der gekrOmmten SchweiBfuge an der Position der 
SchwaBvorrichtung (17), wflhrend letztere entlang 
der SchweiBfuge bewegt wird, bereitgestellt wird. 

Verfahren nach Anspruch 1. dadurch gekenn- 
zeichnet. daB jedes BlechmHtd cbflch Miteinander- 
verschweiBen im weserrtBchen f lacher MetaflUeche 
(4. 5) durch NormallagenschwaBen unter Venwen- 
(bjng von sich entlang einer SchweiBfuge bewe- 
genden SchweiBrnMeln (9. 9a) gebildet wird. und 
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daB die Blechmittei anschlieBend vor dem Zusam- 
menfQgen in etne geKrQmmte Form gebogen wer- 
den. 

3. Veffahren nach Ansprud) 2, dadurch gekenn- 
zeichnet daB jedesder Blechmittei (4,5; 14.15) vor 
dem Blegen in seine gekrommte Form zu einer 
gewOnschten Gestaft geschnitten wird. 

4. Verfaiiren nach Anspruch 2 Oder 3. dadurch 
gekennzeichnet, daB das MiteinanderschweiBen 
der Bleche durch NormallagenschweiBen dadurch 
ausgefflhrt wird. daB die SchweiBmittel (9. 9a) an 
einem Portalquerrahmen (8) mit verst^barer Nei- 
gung beweglich angebracht sind. 

5. Veffahren nach einem der AnsprOche 2 bis 4. 
dadurch g^urvizeichnet. daB die SchweiSfuge 
zwischen den Bledien vor dem Miteinanderver- 
schweiBen der Bleche zur Bildung jedes Blechmit- 
tels durch AbbOrsten gereinigt wird. 

6. Verlahren nach Anspruch 5, dadurch gel^n- 
zeichnet daB das AbbOrsten durch eine BOrstvw- 
richtung (33) erfolgt die sich vorzugsweise in 
einem Abstanbd von ca einwn haben Meter zu 
dem SchweiBmittel (9) vor letzterem entlang der 
SchwffiBfuge bewegt 

7. Verfahren nach einem der AnsprOche 2 bis 6, 
dadurch gekennz^hnet, daB nach dem Miteinan- 
den/erschweiBen der Bleche zur Bildung des 
Biechnottels die so gebildeten SchweiBnahte 
gefrdst werden, um SchweiBwQtste zu entfemen. 

8. Verlahren nach Anspruch 7. dadurch gekenn- 
zeichnet daB das Frasen durch ein Fraswerkzeug 
(36) erfolgt. das sich in Richtung der SchweiBnaht 
hlnter dem SchweiBmittel (9) bewegt 

9. Veffahren nach einem der AnsprOche 2 bis 8. 
dadurch gekennzeichnet, daB jedes Blechmittei (4. 
5) durch MiteinanderverschweiBen der Bleche in 
einem Divchlauf auf einer Seite, Umdrehen der 
raechnittel und MiteinandenrerschweiBen der Ble- 
che in einem Durchlauf auf der anderen Seite gebil- 
detwird. 

10. Verlahren nach einem der AnsprOche 2 bis 9. 
dadurch gekennzeichnet. daB bei der Bildung jedes 
Blechmittels eine Saugt>efestigungsvorrichtung die 
Bleche festhait und so gekippt wird. daB die 
SchweiBfuge an der SchweiBst^le bezOgfich der 
Horizorrtalebene in ©nem Winkel von 4" bis 7°. vor- 
zugsweise ca. 5°, in der SchweiBrichtung nach 
oben aiegerichtet wird. 

1 1 . Verfahren nach enem der vorhergehendoi AnsprO- 



che, dadurch gekennzeichnet, daB die Blechrander 
(21 . 22) vor dem ZtisammenfOgen geschnitten, z.B. 
maschinell bearbeltet, werden. um die Bildung 
einer genauen SchweiBfuge zu ermOgfichen. 

5 

12. Verfahren nach einem der vorhergehenden AnsprO- 
che. dadurch gekennzeichnet. daB die kippbare 
StOtzstruktur (12a) einen k^jpbaren Tisch enthait, 
der die nuteinander zu verschweiBenden Blec^mtt- 

10 tel trdgt und beim SchweiBen so gekippt wird. daB 
die SchweiBfuge zwischen den gerade zusammen- 
geschweiBten Blechrandern an der SchweiBstelle 
in einer Aufwdrtsneigung von 4° bis 7°, vorzugs- 
weise ca. 5°. in der SchweiBrichtung ausgerichtet 

IS wild. 

13b Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, daB die Blechmittd durch ein ringfOnni- 
ges Qlied (29), das eine Abstotzung entweder einer 
20 konvexen Seite Oder einer konkaven Seite der 
Blechmittei gestattet. gestotzt woden. 

14. Vertahren nach Anspruch 13. dadurch gekenn- 
zeichnet. daS eine zusatzlk:he StOtzstruktur (30a, 
25 30b) in der Mitte des ringfOrmigen Stutzglieds (29) 
vorgesehen ist und Mittel zur Einstellung ihrer 
HOhenposition enthdlt 

1 & Verfahren nach einem der vorhergehenden AnsprO- 
30 Che. dadurch getennzeichnM. daB, vor dem 
ZusammenfOgen der Blechmittei. die RAnder (21, 
22) der miteinander zu verschweiBenden Blechmit- 
tei zur Herstellung der BlechrSnder fertigbearbeitet 
werden, indem die Beart>eitungstoleranz durch ein 
35 Fbrmfrftswerkzeug entfernt wird. das gleichze'rtig 
Bander zur Bereitstellung der Wurzelfiache der 
SchweiBnaht und der Seiten der SchweiBfuge bil- 
det 

40 16. Verfahren nach einem der AnsprOche 1 bis 14, 
dadurch gekennzek:hnet. daB die Blechrander (21, 
22) abgeschragt sind. 

17. Vertahren nach einem der vorhergehenden AnsprO- 
45 Che, dadurch gekennzeichnet, daB die Kbnstruktion 
einen groBen, kugelfthinigen LNQ-Tank umifoBt 

1& Verfahren zur Herstellung eines groBen. im wesent- 
lichen kugelfOrmigen Behaitnisses aus ebenen Alu- 
50 miniumblechen mit einer Dicke in einem Bereich 
von ca. 20 mm l9is ca. 70 mm. b^ dem man 

(a) durch MiteinanderverschweiBen ebener 
Bleche (4, 5: 14, 15) durch Ntormailagen- 
55 schweiBen mittels einer SchweiBvorichtung 

(9). die an einem Portairahmen (Q mit versteO- 
barer Neigung beweglich angebracht ist, min- 
destens eine erste und zweite ebene 
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Blechanordnung herstellt; 

(b) jede geschweiBte ebene Blechanordruing 
zu einer Umfangsgestalt schneidet die in das 
struidureile Muster des Behattnlsses paSt, mit 
Ausnahme einer Toleranz zur Beaifoeitung in s 
Schritt(d}; 

(c) jede Blechanordnung in eine teilkugelfOr- 
mige Kbnf iguration biegt: 

(d) jeweilige Rflnder (21. 22)der ersten undder 
zweiten gebogenen Blechanordnung meischi- io 
neil zu einem Profil beaibettet das sic^ fOr das 
SchweiBen in Schritt (f) eignet; 

(e) die erste und die zweite gebogene Blechan- 
ordnung so auf einer k^jpbaren Stiltze (12a) 
positioniert, daS sie sich an ihren maschinell is 
beaibeiteten Randem (21. 22) entiang einer 
gekrOmmten SchweiBfuge treffen; und 

(f) die erste und die zweite gebogene Blechan- 
ordnung durch MormallagenschweiBen entiang 
der SdiweiBfuge miteinander verschweiBt 20 
wahrend die Ausrichtung der gebogenen 
Blechanordnungen durch Einstellen der Kipp- 
stellivig der kippbaren StOtze (12a) so einge- 
stelK wind. daB wahrend des Fortgangs des 
SchweiBvorgangs entiang der SchweiBfuge an ss 
der SchweiBsteila eine im wesentlichen Kon- 
stante Neigung der gekrOmmten SchweiBfuge 
bereitgestellt wird. 

19. Verfehren zur Herstellung einer groBen kugelfOrmi- so 
gen gekrOmmten Kbnslruktton aus ebenen Alumini- 
untiechen mit einer Dicke in einem Bereich von ca. 
20 mm bis ca. 70 mm, bel dem m£m 

(a) 35 

(0 durch derartiges Positionieren zweier 
ebener Bleche (4. 5). daB sie sich in einer 
Rand an Rand liegenden Beziehung ent- 
iang aner Linie treffwi. die zur Horizonta- 40 
len geneigt ist, eine erste ebene 
Blechanordnung bildet. und die ebenen 
Bleche (4, 5) durch Normallagenschwei- 
Sen in einer nach oben vertaufenden P&Ox- 
tung entiang der Unie. an der sie sich 4S 
treffen, miteinander verschweiBt; 
(ii) durch derartiges Positionieren zweier 
weiterer ebener Bleche (14, 15), daB sie 
sich in einer Rand an Rand liegenden 
Beziehung entiang einer Linie treffen, die so 
zur Horizontalen geneigt ist eine zweite 
ebene Blechanordnung bildet und die wei- 
teren ebenen Bleche durch Nonrallagen- 
schweiBen in einer nach oben 
verlaufenden Richtung entiang der Linie. ss 
an der sie sich treffen, miteinander ver- 
schweiBt; 



(b) jede ebene Blechanordnung zu einer 
Umfangsgestalt schneidet die in das struichj- 
relle Muster der kugelfOrmig gekrOnvnten Kbn- 
struktion paBt mit Ausnahme einer Toleranz 
zur Beailseitung in Schritt (d); 

(c) jede etoeno Bledianordnung zu einer teilku- 
geHOrmgen Konfiguration biegt; 

(d) jeweiUge Rfinder (2 1 . 22) der ersten und der 
zwoten gebogenen Blechanordnung maschi- 
nell zu einem Profil beart)eitet. das sich for das 
SchweiBen in Schritt (f) eignet; 

(e) die erste und die zweite getx)gene Blechan- 
ordnung so positioniert daB sie sich an ihren 
maschinell beart)eiteten Rdndern (21. 22) ent- 
iang einer tx)genfOrmigen Linie treffen, die von 
einem ersten Ende der Linie aufwarts in Rich- 
tung eines zweiten Ervles der bogenfOrmigen 
Unie veriauft; und 

(1) die erste und die zweite gebogene Blechan- 
ordnung durch NormallagenschweiBen in der 
Richtung entiang der bogenfOrmig&t Unie von 
dem ersten Ende der bogenfOrmigen Unie zu 
ihrem zweiten Ende miteinander verschweiBt. 
wodurch sich die SchweiBsteile entiang der 
bogenfOrmigen Unie vorwartsbewegt, wahrend 
die Ausrichtung der gebogenen Blecharxuxl- 
nungen so verstelK wird. daB die Tangente zu 
der tx>genfOrmigen Unie an der SchweiBsteile 
zur Horizontalen geneigt bleibt, wahrend sich 
die SchweiBsteile andert 



1. M6thode de fat>rication d'une structure de tOles 
mdtailiques (4, 5), par exenfde d'aluminium, sou- 
d6es ensemble, consistant i supporter deux 
moyens de tOles matailiques courbds sur une struc- 
ture de support inclin^le (12a). deux bords (21, 
22) de Idles des moyens de tOles dtant adjacents 
I'un a I'autre. a d^inir une rainure de soudage 
courbe d'indinaison diffdrente sur sa longueur et k 
joindre les deux bords de tOles ei»en*!e f»r sou- 
dage inpliquant le ddplacement d'un dspositif de 
soudage (17) le long de ladite rainure de soudage, 
caract6ris6e en ce que ledit soudage I'un a I'autre 
des deux bords de tOles est raalisd par soudage 
descendant qui implique dindiner la structure de 
support (12a) pour foumir une inclinaison substan- 
tiellement constante de la rainure de soudage 
couibe dans la position du dispositif de soudage 
(1 7) a mesure que ce dernier est ddplacd le long de 
la rainure de soudaga 

2. M6thode selon la revendication 1 , caract6ris6e en 
ce que cheque moyen de tOle est fbrma en soudant 
ensemble des oOtes m^tailk^ues (4, 5) substantiel- 
lement planes par soudage descendant en utilisant 
un moyen de soudage (9. 9a) se dapia^ant le long 
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d'une rainure de soudage et en ce que ies moy^s 
de tdles sont ensuHe courbte suivant une forme 
couibe avant d'etre joints enserttile. 

3. M6thode selonia revendication 2, caract^ste en s 
ce que chacun des nwyens de tOles (4, 5: 14, 15) 
est coupi dans une forme souhaitte avant d'dtre 
coutt}6 suivant sa forme oouitM. 

4. Mdthodeselonlarevendication2ou3.caract6ris6e io 
en ce que ledit soudage descoidant desdites tOles 
I'une h i'autre est effectu6 par ledit moyen de sou- 
dage (9, 9a} mont6 mobile sur un cadre transversal 
suspendu (8) d'indinaison ajustable. 

15 

5. M6thode selon i'une quelconque des revendica- 
tions 2 d 4, caractdristo en ce qu'avant le soudage 
I'une k I'autre des tAles pour former chaque moyen 
de MIe, ladite rainure de soudage entre Ies tOles est 
nettoyte par tirossaga 20 

6. Mdthode selon la revendicaiion 5. caract6ris6e en 
ce que ledit Imssage est eftectu^ par un dispositif 
de t)ros8age (33) qui se ddpiace le long de la rai- 
nure de soudage devant ledit moyen de soudage 25 
(9), de pr6f6rence une distance d'environ un 
demi-m§tre du moyen de soudage. 

7. M6thode selon I'une quelconque des revendica- 
tions2 6 6.caract6ris6eencequ'aprdslesoudage 30 
des tOles ensemble poiff fomner lesdils moyms de 
tOles. Ies soudures ainsi cr66es sont frais«es pour 
dliminer Ies cordons de soudure. 

8. MMhode selon la revendication 7, caractdrisde en 35 
ce que le f raisage est eff ectu6 par une f raise (36) se 
d^gant dans la direction de la soudure derridre 

le moyen de soudage (9). 

9. M^thode selon I'une quelconque des revendica- 40 
tons 2 ft 8, caract6ris6e en ce que chaque moyen 

de tfile (4. Sj est form6 par soudage desdites lAles 
I'une £1 rautre en une seule passe d'un c<tt6. en 
retoumant le moyen de tOle et en scudant Ies tOles 
en une seule passe de I'autre cdt6. 45 

10. M6thode selon I'une quelconque des revendica- 
tions 2 A 9, caractdrisde en ce qu'au cours de la for- 
mation de chaque moyen de tWe. un dispositif de 
fixation ft succion maintient Ies tfiles et est inclinft so 
de telle sorte que la rainure de soudage au niveau 

du point de soudage soit orient6e vers le haut par 
rapport au plan horizontal ft un angle allantde 4° ft 
7°, de pr^&ence d'environ 5°. dans la direction de 
soudage ss 

11. Methods seion I'une quelconque des revendica- 
tions prteMentes, caract^'iste en ce que lesdits 



bords de tAles (21. 22) sont cotq>§s, par exeirple 
par usinage. avant d'dtre joints {"un ft I'autre pour 
permettre la formation d'une rainure de soudage 
precise. 

12. Mdthode selon I'une quelconque des revendica- 
tions prftcMentes. caract^ris^e en ce que ladite 
structure de support inclinable (12a) comporte une 
table inclinable portant Ies moyens de tdles devant 
etre soudte ensemble et qui est inclin§e au cours 
du soudage de maniftre ft orienter la rainure de 
soudage entre Ies txxds des tdles en cours de sou- 
dage ensemble au niveau du point de soudage sui- 
vant une inciinaison vers le heoA allant de 4° a 7". 
de prdfdrence d'environ 5°, dans la cfirection du 
soudage. 

13. Mdthode selon la revendication 12, caractdriste en 
ce que Ies moyens de tOles sont stfiportds sur la 
table inclinable par un organe annulaire (29) per- 
mettant le support d^in oOtd convexe ou d'un c0t6 
concave des moyens de Idles. 

14. Mdthode selon la revendication 13. caractdrtede en 
ce qu'une structure de support suppl^entaire 
(30a. 30b) est prftvue au centre de I'organe de sup- 
port annulaire (29) et comporte un moyen pour 
cquster sa position en hauteur. 

15. Mdthode selon rune quelconque des revendica- 
tions prteMentes, caract6ris6e en ce qu'avant de 
joindre Ies moyens de tOles I'un ft I'autre. Ies bords 
(21. 22) des moyens de tdles devant Stre soudds 
sont finis pour ader lesdits bords de tdles en enle- 
vant la rdserve d'usinage ft I'aide d'une fraiseuse de 
formage. qui forme simult£mftment Ies bords pour 
foumn- ft la Ibis la surface de pied de la soudure et 
Ies cdtte de la rainure de soudage. 

16. Mftthode sekm rune quelconque des revendica- 
tions 1 ft 14. caractftrisfte en ce que lesdits bonds 
de tdles (21 . 22) sont biseautfts. 

17. Mftthode selon rune quelconque des rewendica- 
tions pr6c6dentes. caract^riste en ce que ladite 
structure est constitute d'une grande citeme sphft- 
rique de gaz naturel Iiqu^i6. 

18. M6thode de fabrication d'une grande cuve essen- 
tiellement sphftrique ft partir de tdles d'aluminium 
planes d'une 6paisseur allant d'environ 20 mm ft 
erviron 70 mm, consistent ft: 

(a) former au moins un premier et un deuxiftme 
ass«nblages de tdles planes par soudage des- 
cendant de tdles planes ensemble (4.5: 1 4, 1 5) 
ft I'aide d'un dispositif de soudage (9) montft 
mobile sur un cadre suspendu (8) a^nt une 
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inclinaison ajustable; 

(b) ddcouper cheque assemblage de tflles pla- 
nes souddes suivant una forme p^h6rique 
qui s'adapte dans le schdma structure! de la 
cuve, sauf pour une rteerve dlisinage dans s 
rdtape (d): 

(c) courfoer chaque assemblage de t6les sui- 
vant une configuration partiellennent sph6rique: 

(d) usiner les boids respectils (21 , 22) des pre- 
nruer et deuxikne asseni^lages de tdles cour- io 
bte suivant un profil approprid au soudage 
dans I'dtape (Q; 

(e) positionner sur un support inclinable (12a), 
les premier et deuxi^me assemblages de tdles 
courbte pour quits se rejoignent au niveau de is 
leurs bonds usinte (21 , 22) le long d'une rai- 
nure de soudage couibe; et 

(f) souder par soudage descendant les prentier 
et deuxi^e assentiages de tales courtite 
I'un a i'autre le long de ladite rainure de sou- 20 
dage tout en ajustant I'orientation des assem- 
blages de tAles couibte en ajustant 
I'indinaison du sifiport inclinable (12a) pour 
foumir un inclinaison substantiellement cons- 
tants de la rainure de soudage courbe au 2s 
niveau du soudage A mesure que le soudage 
avance le long de la rainure de soudaga 

19. Methods de fedirication d'une grande structure 
spti6riquementoourbedpartirde tales d'aluminium so 
planes tfune ^sseur allant d'environ 20 mm & 
environ 70 mm. consistant 6: 



ture sph§riqu^ent courise sauf pour une 
rteerve d'usinage dans I'^tape (d); 

(c) couber chaque assemblage de t5les pla- 
nes suivant une oonf^uration partiellement 
sphdrique; 

(d) usiner les bords respectifs (21 . 22) des pre- 
mier et deuxidme assentjlages de t6les cour- 
bte suivant un profi approprid au souctege 
dans I'dtape (1): 

(e) positionner les premier et deuxi&ne assem- 
blages de tOles court>6s de mani^re k ce quite 
se rejoignent au niveau de leurs tx>rcte u»nte 
(21 , 22) le long d'une ligne arqu6e qui s'6tend 
vers le haut depuis une premise extr^mitd de 
la ligne dans une direction allant vers une 
deuxidme extr^mit^ de la ligne arqu6e: et 

(Q souder par soudage descendant les prentier 
et deuxi^e assemblages de tOles court)6s 
I'un a I'autre dans ladite direction le long de la 
ligne atqu6e depuis la premt6re extrdmit^ de la 
ligne euquSe jusqu'd la deuxi^me extr6mit6 de 
ceile-d. I'emplacement du soudage avangant 
ainsi le long de la ligne arqu6e, tout en ajustant 
I'orientation des assemblages de tOles couibte 
de telle sorte qu'& mesure que I'ennplacement 
du soudage change, la tangente 6 la ligne 
arqu^e au niveau de I'emplacement du sou- 
dage reste indinde par rapport ii I'horizontale. 



(a) 

35 

(i) former un premier assemblage de tOles 
planes en pc»itionnant deux tdles planes 
(4, 5) de mani^re & ce qu'elles se r^oi- 
gnent en relation de bord k bord le long 
d'une ligne qui est inclin6e par rapport d 40 
morizontale et en soudant par soudage 
descendant les tdles planes (4, 5) dans 
une direction vers le haut le long de la ligne 

k laquelle elles se rencontrent: 

(ii) fbnner un deuxidme asswrUage de 4S 
tOles planes en positionnant deux autres 
tales planes (14, 15) de mani^re d ce 
qu'elles se rejoignent en relation de bord k 
bord le long d'une ligne qui est indin^e par 
rapport k morizontale et en soudant par 50 
soudage descendant lesdites autres tfiles 
planes dans une direction vws le haut le 
long de la ligne k laquelle elles se rencon- 
trent: 

55 

(b) dteouper chaque assemblage de tOles pla- 
nes suivant une forme p6riph6rique qui 
s'adapte dans le schema stmcturel de la struc- 
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